The problem of determining a localized scattering potential V(r) from its associated scattering amplitude f(s, so) is addressed within the first Born approximation. The conventional methods, based on Fourier synthesis, for obtaining approximate solutions to the problem are reviewed briefly. A new reconstruction method is proposed that is in the form of an integral transform over the scattering amplitude, assumed to be specified over all observation directions s and over all incident unit wave vectors s 0 . The proposed method is shown also to be applicable to the problem of determining the interatomic distance function S d 3 r'V(r + r') V* (r') from the magnitude square of the scattering amplitude.
For scattering potentials satisfying the conditions required by the first Born approximation, 1 the scattering amplitude f (s, so) is related to the scattering potential V(r) by the equation 2 
f(s, so) =-(1/47)Sd 3 rV(r) exp[-ik(s -so) -r]
. (1) In this equation k = 27r/X is the wave number, kso is the wave vector of a unit amplitude incident plane wave to the scatterer, and s is a unit vector in the direction at which the scattering amplitude is evaluated. For cases in which the scattering amplitude can be directly measured (modulus and phase), the inverse-scattering problem within the first Born approximation then reduces to solving the Fredholm integral equation [Eq.
(1)] for V(r) in terms of the scattering amplitude f (s, so) as specified (from scattering experiments) over some set of the unit vectors s and so.
In scattering experiments employing x rays, electrons, or neutrons, the phase of the scattering amplitude can not be directly measured 3 so that Eq. (1) is replaced by the integral equation
where Q (r) = fd 3 r'V(r + r') V* (r')
is the so-called interatomic distance function. 4 For these cases the inverse-scattering problem reduces to 
as specified over a set of spatial-frequency vectors K
given by
For any given value of so (any given scattering experiment) the K values satisfying Eq. (5) are seen to lie on a sphere (the Ewald sphere 5 ) that is centered at -kso and has a radius equal to k. As so varies over the unit sphere, the surface of the Ewald sphere sweeps out the volume in K space contained within a sphere of radius 2k that is centered at the origin (the Ewald limiting sphere). By appropriate selection of s and so it is evident that the transform F(K) can be determined at any K values lying within the Ewald limiting sphere. A low-pass filtered version of F(r) can thus, in principle, be obtained by Fourier transforming F(K) over the K values lying within the Ewald limiting sphere, i.e., 
The requirement [Eq. (7)] that k(s -so) assume sample values over a cubic sampling grid poses severe problems for the experimentalist; these problems make the Fourier-synthesis procedure difficult to implement in practice. 7 Although other schemes have been proposed, 8 it appears that no computationally and experimentally acceptable reconstruction procedure exists.
An alternative method for obtaining low-pass filtered solutions VLp(r) and QLP(r) to Eqs. (1) and (2) Equations (10) are seen to be in the form of integral transforms of f(s, so) and If(s, so)l 2. These expressions require that these quantities be specified for all s and so lying on the unit sphere. In practice they will be known only over a certain finite number of sample points. The integrals in Eq. (10) must then be replaced by summations over these sample values. It is important to note that, unlike the methods based on Fourier synthesis in which the sample values must satisfy Eq. (7), in this method the sample values of s can be chosen independently from those of so. Because of this the method should be experimentally simpler to implement in practice that the Fourier-based methods. We shall show elsewhere that the transforms given above play the same role in inverse scattering that the filtered backprojection algorithm 9 plays in computed tomography. Moreover, it can be shown that the transforms reduce precisely to the backprojection algorithm for cases in which the wavelengths are significantly smaller than the finest object detail. This result is to be expected since for such cases the inverse-scattering problem is known to be solvable by using the method of computed tomography. 10 
